The aims of our research include the phytochemical characterization of the essential oils extracted from different lavender species (Lavandula vera L., L. intermedia L., L. pyrenaica DC., and L. stoechas subsp. stoechas) that are important from therapeutic and economic aspects, as well as the optimization of the tube dilution method for microbiological investigation of the effect of essential oils on the selected Pseudomonas strain. The chemical and percentage compositions of the essential oils were analysed by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS). The main component of the essential oils in the majority of lavender species was linalool, while L-fencone was identified in the largest amount in L. stoechas subsp. stoechas. Tube dilution is one of the most frequently used methods for microbiological investigation. Its advantages are that it is easy to perform and provides information about minimum bactericidal concentration (MBC). Because of the lipophilic character of essential oils, the tube dilution method should be optimized for the detection of antibacterial activity of these plant extracts, and, therefore, emulsions containing 0.2% polysorbate 80 were prepared from the samples. In each of the eight investigated essential oils an inhibitory effect was detected, and MBC values were in the range 12.5-50 µL/mL in seven cases.
Antibiotics or disinfectants used for prevention and treatment in agriculture, veterinary and human medicine can cause selective pressure leading to the spread of resistant mutants. The longer the time, the greater is the risk of resistance development. As resistance becomes more common, the need for alternative treatment increases. However, despite a push for new antibiotic therapies, there has been a continued decline in the number of newly approved drugs [1] . Antibiotic resistance, therefore, poses a significant problem and has led to research on new antimicrobial agents from medicinal plants.
Pseudomonas aeruginosa is a Gram-negative bacterium, which has become an important cause of human infections, especially in patients with compromised host defense mechanisms. It is the most common pathogen isolated from patients who have been hospitalized for longer than 1 week. It is a frequent cause of nosocomial infections such as pneumonia, urinary tract infections and bacteremia. Unfortunately, it is responsible for 90% of cystic fibrosis deaths [2] . Infections caused by P. aeruginosa are complicated and can be life threatening. It is resistant to many antibiotics and chemotherapeutic agents. This is due to the low permeability of the outer membrane to antibiotics and the production of β-lactamases and multidrug efflux pumps [3] [4] .
The number of studies focusing on essential oils, as well as on their applications as new potential antibiotic agents against plant and human pathogenic microorganisms, has recently increased [5] [6] [7] [8] [9] . The investigation of essential oils as antimicrobial agents is highly relevant because in contrast to antibiotics, resistance rarely develops due to the large number of their components. Essential oils are volatile, hydrophobic substances that are insoluble in water and, therefore, the common screening methods (e.g. disc diffusion, agar absorption and well diffusion) are not appropriate for testing their antimicrobial effects [10] . It is clear that there is a need for optimized and reproducible assays for assessing the antimicrobial activity of these oils.
Lavender oil is obtained by steam distillation from the fresh flowers of Lavandula angustifolia Mill. The lavender flower and its oil are official in several Pharmacopoeias (e.g. European Pharmacopoeia 5 th ed., Hungarian Pharmacopoeia 8 th ed.) [11] [12] . It is evident that lavender is one of the most important plants in the mint family (Lamiaceae) from therapeutic as well as economic aspects. In in vitro experiments, lavender oil exhibited activity against various microorganisms such as Escherichia coli, Bacillus subtilis, Staphylococcus aureus and Candida albicans, but not P. aeruginosa [13] [14] . According to our previous results, direct bioautography was optimized by choosing the appropriate circumstances (incubation time and temperature, agar medium, density of bacterial suspension), but detection with MTT was not successful in the case of Pseudomonas strains [15] . Table 1 : Essential oil content of the lavender species investigated in this study.
Sample
Essential oil content (mL/100 g of dried material This present study aimed at the phytochemical characterization of the essential oils extracted from different lavender species (Lavandula vera L., L. intermedia L., L. pyrenaica DC. and L. stoechas ssp. stoechas) by gas chromatography (GC) and gas chromatography/mass spectrometry (GC/MS), and the optimization of the tube dilution method for the microbiological evaluation of the effect of the essential oils on the selected Pseudomonas strain.
Essential oil yields from the different lavender samples varied between 0.8 and 4.0 mL/100 g of dried material. The highest amount was obtained from L. intermedia, while L. stoechas ssp. stoechas produced the lowest quantity of oil (Table 1) .
With the GC and GC-MS analysis we identified 29 components in the essential oils of lavender taxa ( Each of the eight investigated essential oils had an inhibitory effect on the tested P. aeruginosa strain. The MBC values were in the range of 12.5-50 µL/mL in seven cases ( Table 3 ). The strongest antibacterial activity was observed in samples 4 (L. vera) and 7 (L. stoechas). We also determined the maximum tolerated concentration (MTC) of the oils. MTC refers to the highest concentration of essential oil in which the rate of growth of colonies is equal to that of the control samples. There was no obvious correlation between chemical composition and antibacterial activity of the essential oil samples. In each of the control tubes we found an equal rate of growth. Polysorbate 80 and the emulsion containing castor oil had no influence on bacterial growth throughout our [16] . In contrast, in a micro plate bioassay study, P. aeruginosa seemed to be resistant to the essential oil isolated from L. dentata [17] . These results are not surprising, since P. aeruginosa has an intrinsic resistance, which is associated with its outer membrane composition, to a wide range of antimicrobial agents [18] . Our previous studies have revealed that an essential oil can influence the composition of outer membrane proteins [8] .
Our present study showed that the lavender oils isolated from L. vera, L. intermedia, L. pyrenaica and L. stoechas ssp. stoechas have antibacterial activity against P. aeruginosa (ATCC 27853), and, therefore, they might be useful "natural products" in controlling Pseudomonas infections. However, it is worth noting that compared with antibiotics, a higher concentration of the lavender oils must be applied to achieve their antibacterial effect. Antimicrobial screening methods utilized in essential oil research show a great variety [19] , and, therefore, there is a need for elaborating standardized and reliable assays. We succeeded in optimizing the tube dilution method for studying antipseudomonal activity of different lavender oils. The sample-emulsion prepared in this study was an appropriate medium for analysis of lipophilic extracts, such as essential oils.
Samples MBC (µL oil/mL) MTC (µL oil/mL) 1.
L. intermedia 50.0 0.8 2.
L. vera 25.0 1.6 3.
L. pyrenaica 25.0 0.8 4.
L. vera 12.5 1.6 5.
L. vera 25.0 0.2 6.
L. vera >50.0 0.8 7.
L. stoechas ssp. stoechas 12.5 <0.2 8.
L. vera from Tihany 50.0 0.4
Antipseudomonal activity of lavender oils
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Comparing the oil samples used in our study, it can be established that the antibacterial effect of lavender is not proportional to the concentrations of linalyl acetate and linalool in the essential oil and, therefore, in contrast with its usage in the perfume industry, from a microbiological aspect, linalyl acetate content does not determine the medicinal value of the lavender oil. On the whole, the antibacterial activity of the lavender oils seems to be associated with their most abundant components, but the effect of the minor compounds should also be taken into consideration. It is worth noting that the different habitats (e.g. type of soil) and microclimate influence the chemical composition of lavender oil. Further investigations are required to determine whether our in vitro results can be realized in clinical practice, but obviously it is mainly the chemical composition that determines the application of different lavender oils as antipseudomonal agents. Plant material: Lavender species (Lavandula vera L., L. intermedia L., L. pyrenaica DC. and L. stoechas ssp. stoechas) were collected from the Botanical Garden of the University of Pécs (Hungary) in 2009 (Table 4) , during the flowering period. The plant samples were air-dried at room temperature (22°C) and pulverized just before distillation. Voucher specimens (LV1, 2, 3, 4; LI1; LST1; LP1) were prepared and deposited in the Herbarium of the Department of Pharmacognosy, University of Pécs (Hungary). One of the lavender oils was obtained from the Lavender Garden of Tihany (Hungary).
Essential oil isolation:
Essential oils were isolated by water-steam distillation for 3 h, using 30 g of dried, powdered plant material, according to the Hungarian Pharmacopoeia, 7 th edition [20] . Oil content was measured directly by the volumetric method. Tihany oil was isolated from L. vera by the manufacturer (Zátonyi Ltd., Győr, Hungary). 
Determination of antipseudomonal activity using optimized tube dilution method:
Five % sample-emulsions were made by adding 40 µL of a 10% aqueous solution of polysorbate 80 to 100 µL of the selected essential oil. Mueller-Hinton nutrient broth (1860 μL) was added in small aliquots; samples were homogenised by shaking and vortexing. A serial twofold dilution was performed to a final concentration of 0.02%. The final volume was 1.0 mL in each tube. All measurements were duplicated. Three control tubes were also prepared: (1) nutrient broth; (2) nutrient broth containing 0.2% polysorbate 80; (3) emulsion containing 5% castor oil. Ten µL of an overnight bacterial culture (~ 4x10 7 cells/mL, test organism: P. aeruginosa ATCC 27853) was added to each tube. The inoculated tubes were incubated at 37ºC for 24 h. Then the dilutions were plated out on Mueller-Hinton agar plates and incubated overnight at 37ºC. The number of bacterial colonies was compared with the control. The minimum bactericidal concentration (MBC) value is the lowest concentration of an antimicrobial required to kill all germs in a tube. We have determined MBC to be the lowest oilconcentration at which there are no colonies on the agar plate. Minimum inhibitory concentration (MIC) is the lowest concentration of an essential oil that could inhibit the visible growth of bacteria. In our study we could not determine the MIC value because of the turbidity of the sample-emulsions. The antibiotic ciprofloxacin was used as a reference for the bacterium. In this case, the MIC and MBC values were also determined by the tube dilution method [21] [22] .
